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SRAM DETECTOR CALIBRATION
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ABSTRACT

CustonL proton sensi.ti.ve SRAM chips
Clemcntine ;~issions and Space ‘l’echnolo-gy

are being flown on the BMDO
Research Vehicle experiments.

‘l’his paper describes the calibration ‘procedure for
det.ecLors and their response to the space environment.

SUMMARY

l)he SRAM detector has an offset voltage that adjusts

the S~AM proton

the cell critical
charge to upset, allowing the I.JET (Ilinear Energy Transfer) threshold to
be set below t-he value at which its cells will upset.. This threshold can
be set below the charge deposited by protons passing through, or stopping
in, the charge collection region. The detector was cal.i.braLed  with
protons using the Caltech Tandem Van de Graaff and alpha particles using
radioactive sources.

‘1’11 e SRAM design was submitted to the MOS l.mplement.at.ion System
(MOSIS) and fabricated at a 1.2-mn] n-well. double-metal C.MOS/epi foundry.
A schematic diagram of the SRAM cell is shown in Figure 1 . This cell.
differs from that of a standard six-transistor SRAM cell as described in
references [1. ,2] . in operation all the memory cells are writ.t.en into a
“sensitive” state where Mr12 is turned OFF and Mp2 is turned ON,
connecting V. to the sensitive drain, Dn2. VDI) is then lowered to 3 V
-and V. is lowered below V~D =- 3 V allowing the SRAM to accumulate upsets
at a given Vo value. Thereafter V. and VDD are returned t.o 5 V and the
cells read to determine the number of upsets. This cycle is repeated at
different values of V. during calibration. If Vo i.s lowered to the cell.
rnetastable point, the cell will spontaneously flip, as shown in Figure 2.
The mean offset voltage, Vsp, at which half of the SRAM cells have
spontaneously f].ipped, defines the zero energy channel of Lhe SRAM
spectrometer system. Figure 2 identifies the chip used for proton
measurements and the chip usecl for alpha particle measurements. “l’he mean
offset, voltage, Vop, for charged particle beams, shc)wn in Figure 3,
define the gaussi.an peak at the mean energy clcposited by t,he charged
particles [1,2].

l’he SRAM is cali.bratecl by measuring its upset capacitance and LJ3T
threshold. The upset capacitance measurement utilizes particle beams that
stop in the charge collection region, below the sensitive drain. For
these particle beams all of the charge deposited below the metallization
overlayers, or dead layer, is collected by the SRAM cell.. ‘The upset
capacitance Cu/k(MeV/V), as a function of overlayer thickr-le:ts, ilX3(~Lm),
is shown in Figure 4. As the overlayer thickness decreases, more energy,
ih+l (MeV) , is collected by the SRAM cell. The upset capacitance is given
by Cu/k(MeV/V) =- &S4/~Vop, where ~Vop : (Vo~l-Vsp), and Vsp aricl Vop are
shown in Figures 2 and 3. ‘The l,E~’ measurement utilizes particles that
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p’ass through the charge cc]llection region. Al ] of t.~]c’ E?liel-<]y, i3P:4 (McV) ,
, deposited within the effective c}large co] lecti on clepth, i3X4 (~mi) , i s

CO] lected by the SRAM ce] ] . !l’he energy deposited by these part. i cl es i s
given by, dH4 (MeV) = ~Vop x Cu/k,
clepth, ~X4 (pm),

and the ef f ecti ve charge co] 1 ect, i on
i s the cli stance below t,lic overlayer requi red for a

charged par Licl.e to deposi t. dE;4 (MeV) of energy . ‘1’he I., F; I’, i n uni t.s of
keV/~m~, shown i~i Figure 5, i s given by ~F:4 /~X4 (keV/pnl) .

l’he operation of the SRAM i s shown in Fi gure 6. ‘l’he energy spectra is
produced by 20 MeV proton straggling i n 83 mi 1s of Al shielclinq. A Monte
Carlo was used to produce the data points and the curve is a gauss fit, to
the clata . l’he above calibrati cm i s used to determine that portion c)f the
spectra that will cause upsets in the SRAM with ~o~l = O .061 V. Protons
wi th energy less than E (rein) do not penet.rat.e  the overlayer wi t.h enough
energy to cause an upset, arid protons with energy great, er than F? (max
nc)t have sufficierit  LET to cause an upset .
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